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ABSTRACT 


In order to connecting villages in rural area with a city, a hybrid optical 
communication is proposed. The Optical fiber communications that are 
implemented as a backbone on the Palapa Ring network has an opportunity to 
be expanded to reach rural area through the implementation of free-space 
optical communications (FSO) as the optical relaying networks (ORN). 
The major problem of FSO as the ORN is turbulence effects induce an optical 
propagation. In this research, FSO as the ORN implements novel technique to 
improve the performance of hybrid FSO where the amplification of signal 
is produced through serial configuration of optical amplifiers in cascaded 
meanwhile to reduce the noise in the end of receiver, optical band pass filter is 
implemented. The simulation of hybrid FSO is performed in Optisystem 7.0 
where ORN is implemented in two nodes. The length of optical fiber 
connection to FSO is set to be constant at 75 km. The range of optical 
propagation in FSO is set at 1-9.4 km. The results of simulation show 
that at the range of 1-8 km of optical propagation under atmospheric 


turbulence, range values for SNR and BER are achieved at 46.23—26.61 dB 
and 6.7x10°'’—-1.5x10°, respectively. 
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1. INTRODUCTION 

Indonesia is the largest archipelago nation in the world where consist about 17,504 islands that 
is Stretched out between Indian to Pacific oceans in the length of 3,977 miles. Those islands are also the ring 
of fire from Asia to Pacific as well. The demography for about 270 million people are not well distributed 
along these islands as well. Mostly, the occupant distribution of people are concentrated in major islands which 
are Java, Sumatra, Kalimantan, Bal, Sulawesi, and West Papua. Meanwhile others of occupant 
are distributed in small islands. Those occupant of people are also distributed in 74,093 villages where about 
73.89% is in poor economic condition, 22.94% is in very poor economic condition, and 1.53% 1s distributed 
im the oceanic border of Republic Indonesia territorial. The aforementioned of geographical and demography 
conditions cause the connectivity of information is the major problem for all provinces. 

In order to solve the problem of connectivity, since 2007 the government of Republic Indonesia 
has initiated the gigantic of telecommunication network that is intended to connect all provinces, cities 
and districts in a unity platform of infrastructure that is socalled as the Palapa Ring [1-7]. The infrastructure 
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of telecommunication thathas been developed by the government is the passive optical network (PON) that is 
stretched out about 8479 km connecting 34 provinces, 400 cities, and 457 districts. The Palapa Ring 
is consist of three regions which are west-, center- and east-region where each of one is planned to have 
bandwidth at the rate of 100 Gbps (upgradeable to 160 Gbps) through wavelength division multiplexin g 
(WDM) technology. Until now, 2019, the status of the Palapa Ring is under developed for east region where 
the progress has achieved 88.14% meanwhile for west- and center-region has already operated. The Palapa 
Ring is set to be the unity of communication platform that unites all of geographical condition such as oceans, 
islands, and mountains. Those by this unity of communication platform, the transfer of information can be 
enhanced throughout the villages even in border area of Indonesia territory. Hence, the expectation 
or long term goal that has been set by the government of Republic Indonesia that the potential economic 
in all villages can be strengthen in more advance especially the villages that has economic status of poor 
and very poor as well as in the outside of island near the border of the nation. 

In order to support the goal of connectivity by the government of Republic Indonesia, 
a communication platform should be integrated with PON where connectivity between district and city can be 
expanded to reach villages or rural area. If district or city has an infrastructure of telecommunication with high 
data rate, the question is how to deliver or distribute the huge of information to village? Meanwhile 
the average distance between district and city with village is in the order of tenth kilometers. To answer this 
question, important thing should be considered that the goal of connectivity not just merely connecting 
the unreachable area but also to enhance the communication of broadband system supporting the internet 
connection between district and city with village in the remote area. For this reason, high speed and high data 
rate transmission should be emphasized as major requirement to integrate PON with a scheme of proposed 
communication platform. Hence, a scheme of optical communication which is a free-space optical (FSO) 
communication or wireless optical communication is one of the best candidate to be proposed as the physical 
platform to be integrated with PON that has already been setup in WDM. FSO is a communications platform 
that has benefits on free-licensed, high data rate, low cost economy development, and can be integrated with 
any others scheme of telecommunications such satellite-, microwave radio-, and terrestrial-platform [8]. 
Thus, FSO has an opportunity to be integrated with PON WDM of the Palapa Ring as the optical relaying to 
connecting between district or city with village in the remote area as well, as shown in Figure 1. 
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Figure 1. FSO as the ORN to connecting backbone of internet from Palapa Ring to rural area thus villages 
can have access to information 


The integration of PON with FSO is so called as hybrid optical communications where all optical 
signal is delivered in the network of Palapa Ring. The performances of PON as the optical fiber 
communications platform is very high quality where the signal in the speed of light and high bandwidth 
are well distributed in the network. Hence, FSO should be designed in the characteristics where the quality 
of performance and bandwidth capacity are also well support. In the hybrid configuration of optical 
communications, FSO is designed as the ORN forwarding high data rates at the scale of 100 Gbps 
and connecting the path link in the order of tenth kilometers between district and city to village. 
FSO has many benefits than other platform of terrestrial communication such as wireless radio. 
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If the integration PON of the Palapa Ring Network uses radio wireless, some points should be considered 
where the capacity of data rate transmission is limited, fading effect of radio transmission, and limit distance 
of network are also major limitation. Thus, FSO in the integration scheme with PON WDM has the main 
function as the last mile access for users in the village or remote area from the district or city. 

Hybrid optical communications has been developed world wide as the solution to penetrate 
the barrier between sources to last access userin order to expand the network as closer as possible [9-14]. 
The emerging communications between optical platform and radio based frequency or RF has been 
implemented in the scheme or radio over free-space optical technology (RoFSO) [15]. To the best of our 
knowledge, the integration of satellite platform with RoFSO to produces high throughput transmission system 
also has been studied intensively [16]. The integration between optical fiber communications with wireless 
access technology also has been developed intensively as well. The integration between satellite 
communications with terrestrial platform also has been developed by NASA into deep space 
telecommunications system [17]. Even in the 5G technology, the integration of terahertz technology with 
visible light communication has been investigated intensively [18]. Also for mobile technology, 
the development of hybrid optical wireless vehicular for mobile access has been studied progressively [19]. 
The aforementioned results of development of hybrid communications technology has strong benefits such 
as avoiding the conversion of signal that causes systemto have delay latency, decreasing the interface of system 
to connecting two different of communications platform, and improving the rate transfer of data 
rate transmission. 

In the integration between PON WDM of Palapa Ring and FSO, the ORN scheme is implemented 
as the bridge between the source and last destination of communication to reach the villages with high 
bandwidth. FSO as the ORN has many advantages which are no need line-of-sight path length, can reach 
the village in the order of tenth kilometers, the configuration can be setup into multi-path optical link which 
are composed of many nodes as the networks, can be setup to carrying WDM signals from PON of Palapa 
Ring, and the capacity is nearly the optical fiber rate transmission. FSO as the ORN has a major drawback 
which is the atmosphere as the medium of optical propagation [20]. Atmosphere is a medium that 
has characteristics of random process for the optical propagation where absorption, diffraction, and scattering 
goes in the fluctuation way causes phenomena which are socalled as scintillation, spatio-temporal modulation 
and beam wandering [21]. Regarding this limitation, FSO as the ORN must be designed with 
an optical amplifier [22]. The implementation of an optical amplifier in the FSO brings benefits to penetrate 
the atmospheric turbulence thus the strength of the optical signal can be increased in significant to reach each 
node in the multi-path of optical link. Thus, the performance of hybrid optical communications that integrates 
PON WDM of the Palapa Ring network and FSO as the ORN can be emphasized in the best quality as 
the source does. 

In this research, a scheme of hybrid optical communication that connecting PON WDM 
of the Palapa Ring network and FSO as the ORN is proposed as the solution to connecting the district and city 
with villages in the remote area. The capability of FSO as the ORN is setup to be multi-node transmission 
of optical link thatis composed of many node (n-node). The PON is setup in the bandwidth transmission of 10 
Gbps using single channel of WDM then the signal is forwarding by FSO-ORN in the scheme of multi-node 
configuration. In order to keep the optical signal robust from atmospheric turbulence, an optical amplifier 
is implemented for each node ensuring that the performance of communication system can be maintained 
between district and city to village. In order to improve the performance of system under turbulence effects, 
a novel technique to keep an optical signal remain high and low noise modulation, inline cascaded of optical 
amplifiers is implemented between node and optical band pass filter is applied before signal detection by 
photodetector. The main goalof this research is to investigate the performance of hybrid optical communication 
system between PON WDM and FSO in the scheme of ORN in penetrating the atmospheric turbulence. 
It is also as an effort to study the characteristics of an inline cascaded of optical amplifiers and implementation 
of optical band pass filter to support the total length of optical propagation under the influence of turbulence 
effects of atmosphere. Thus the contribution of this research through simulation under Optisystem7.0 is finding 
a novel method to expand the optical propagation of FSO in several kilometers with the benefit of robust 
performance and high rate of data transmission as well. 

This paper is organized into 4 chapters which are introduction section, detailing about potential 
of hybrid optical communication to be implemented in the Palapa Ring network as well as major problem to 
implement in this case. Second chapter is comprised of two sub-sections which are hybrid optical 
communications as the platform that combines optical fiber connection with FSO in the configuration 
of multi-node transmission as the sub-section 2.1 and simulation method to calculate the performance 
of systemas the sub-section 2.2. In chapter 3, results of simulation is explained in details with the parameters 
of performance in SNR and BER as the function of optical propagation path length for a signal under influence 
of atmospheric turbulence. Then, in chapter 4, conclusion is emphasized in the configuration of optical fiber 


Hybrid optical communications for supporting the Palapa Ring network ( Ucuk Darusalam) 


1058 =O ISSN: 2302-9285 


connection with the FSO as the hybrid optical communication that is supported by inline cascaded optical 
amplifiers and optical band pass filter as an optical signal amplification in ORN and a technique to minimize 
noise modulation in the receiver as well. 


2. RESEARCH METHOD 

In this section, the theory of hybrid optical communications that is composed of optical fiber 
and FSO communications is outlined. The optical fiber communications is the platform from The Palapa Ring 
Network, meanwhile FSO is the ORN to reach the remote area in the villages or rural area. 
Henceforth, the experimental setup through simulation is outlined as well. 


2.1. Fiber optics and free-space optical communication 

In order to support the Palapa Ring Network for connecting city and rural area with the capacity 
of high rate data transmission and high speed communications as well, hybrid optical commun ication 
is proposed as shown in Figure 2. Hybrid optical communication that is designed from transmitter (Tx) 
to receiver as end destination (Rx) consist of optical fiber (OF) connection and FSO. Commonly OF has span 
link distance in the order of tenth until hundreds even thousands kilometers, in this proposed systemthe order 
of link distance is around tenth kilometers, remaining the averages distance of the Palapa Ring Network from 
a capital city of province to district. From city of district to reach rural areas, FSO has the main function 
to feed forward the information instead. In order to reach rural areas, FSO is designed in multi-node 
transmission where in the proposed system is performed by first- and second-node (OC-1 to OR-1 
and OC-2 to OR-2). 
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Figure 2. Proposed of hybrid optical communication to support the Palapa Ring Network in connecting city 
with the rural area where the FSO is designed in multi-nodes transmission 


The optical signal from Tx is amplified by optical amplifier (OA-1) to be launched into OF in several 
kilometers (Lor). After propagating in OF, the optical signal is amplified by OA-2 to be transmitted out into 
atmospheric turbulence (AT-1) through FSO with the configuration of optical collimator and optical receiver 
(OC-1 and OR-1) as the first-node. Regarding turbulence media in atmospheric turbulence 
has characteristics of random attenuation and others optical phenomena along the path length of optical 
propagation (Lat1), an optical signal is extremely attenuated as well as experience scintillation. 
Thus, an optical signal from the first-node need to be amplified in optimum. This amplification of optical signal 
is performed by inline cascaded of OA where in the proposed system is the serial configuration of OA-3 
and OA-4. The output of serial configuration of OA is high intensity where ready to be transmitted out 
into atmospheric turbulence (AT-2) by OC-2 and OR-2 as the second-node. The optical signal 
from the second-node is very low intensity remaining the optical propagation under AT-2 as well. 
Thus, the optical signal need to be amplified by OA-5 where the output is coupled with optical band pass filter 
(OBPF) to reduce the noise modulation. The output of OA-5 and OBPF is high intensity with low noise 
of modulation. Then the optical signal arrives at photodetector as the receiver (Rx) to be detected and 
transformed into an electrical signal or datarate. 

Based on the streaming process of optical signal from Tx to Rx as has been outlined in the previous, 
the received of optical power in the Rx for the condition of static atmospheric turbulence where only attenuation 
effect induces the optical propagation, Pe, is given as [23], 
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n m 
Pree = Pry — Lorčor — Laar + > Pia =y Nloss (1) 
1 1 


where Pry is the output of signal power from laser transmitter, P); is the output of signal power from each 
OA, nis the number of OA, Lor is the length span of optical fiber, ap, is the attenuation factor of optical fiber, 
L is the total path length of optical propagation under atmospheric turbulence (AT-1 and AT-2), Qyr 
is the attenuation factor of atmospheric turbulence, 7),,, 1s the parameter for coupling loss and filter loss, 
and m is the number of coupling in the proposed system of hybrid optical communication. Qy,r 
is Stated as [24], 


Oar = 2 |23.17k“/ C2L /6 (2) 


where k = 27/A is the wavelength number and CŽ is the index of structure whereas the variable 
of turbulence scale. Under atmospheric turbulence effects, the received signal of optical power in the pupil 
plane of receiver is stated in Eq. (3) [25-26], 


1 DENS pes) 
(Pro) = 5 MDEAIG nap) = (3) 
8 (1 + 1.630, A) 


0 
0,LAT-2 
of collimated optical propagation by OC-2 to reach pupil plane of OC-1 in the absence of atmospheric 
turbulence and A,is the effective of aperture radius where received in the pupil plane of OR-2 as well. 


Thus, the performance of signal-to-noise ratio (SNR) are given by [26], 


where {.) denotes the mean value, D, is hard diameter of receiver lens in OR-2, I is the intensity 


SNR? 
(SNR) = —————_ 


Es + of (Dg) (SNR oe) 


where o/ is the irradiance flux variance in the photodetector of Rx. Henceforth, the performance 
of bit-error-rate (BER) which based on value of (SNR), also by assmuming the signal is OOK (on-off keying) 
and the distribution of signal intensity under turbulence effects is gamma-gamma, (BER) is stated as [25], 


(4) 





ae 
u (5) 


1 CO 
(BER) = z| pi(werfe ( Fo 


where p,(u) is the PDF (probability of density function) of gamma-gamma with unity means for 
irradiance fluctuations. 


2.2. Setup of simulation 

Setup of simulation under Optisystem 7.0 is shown in Figure 3, where the integration between optical 
fiber communication (OFC) system and FSO are described by each main component or untt. 
The OFC operates from laser transmitter Tx where the output is coupled into modulator which is Mach-Zender 
interferometer (MZI). The output light from Tx is modulated with the electrical signalfrom pseudo random bit 
sequence generator(PRBS) thus this scheme produces an optical signal that is launched into optical fiber (OF). 
Before the optical signal is launched into OF, an optical amplifier (OA-1) amplifying the optical signal into 
high intensity. The output from OA -1 then launched into OF with propagation path length several kilometers 
(Lorc) as to reach the FSO system that is consist of optical forward relaying network. The output from OF, 
the optical signalis amplified with OA-2 then coupled into optical collimator (OC-1) to produce a beam light 
or optical propagation that is transmitted into atmospheric turbulence. The optical propagation from OC-1 
penetrates the atmospheric turbulence in the path length of Lar-1 (km). After then, the optical signal is received 
by an optical receiver (OR-1) as the forward relaying network into OC-3. Before the signal is launched into 
atmospheric turbulence in the path length of Lat-2 (km), an inline cascaded optical amplifiers which are OA -3 
and OA-4 amplifies the optical signal into high intensity. The output from OA-3 and OA-4 is collimated as an 
optical propagation by OC-2 and launches the optical propagation into atmospheric turbulence to reach OR-2. 
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The output of OR-2 is coupled into OA-5 to produce an optical signal with high intensity. The output from 
OA-5 is filtered by optical band pass filter (OBPF) the result is received by photodetector of PIN (Rx). 
The measurement point of performance is located in the Rx where the optical signal is coupled into optical 
spectrum analyzer (OSA) and optical power meter (PM) while the quality of signal is measured from the output 
of Rx with the BER-tester instrument. 
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Figure 3. The simulation setup for hybrid optical communications that consist of optical fiber 
communications systemintegrated with FSO in the configuration of forwarded ORN 
or so called as FSO-ORN 


Figure 3 is the setup configuration of hybrid optical communication for simulation under Optisystem 
7.0. The parameters of simulation for OFC and FSO systems is shown in Table 1, where each component 
is described with value or type. All of the optical amplifiers that are used in the simulation implement 
Erbium-doped fiber amplifier (EDFA) as the scheme of optical signal amplification process after the signal 
is attenuated by OF or atmospheric turbulences between OC-1 to OR-1l and OC-2 to OR-2. 
All of the parameters in OFC and FSO are typical values that eventually used in the real environment of optical 
link budget as in example the power of laser transmitter Ptx is usually 0 dBm. 


Table 1. The parameters from OF and FSO that used in the simulation in Optisytem 7.0 
Optical fiber communications system 


Tx = À= 1552.52 nm 

= Pr= 0 dBm 
PRBS = Sequence type of signal is random 

= 10 Gbps 
MZI Modulation type is NRZ (non-return to zero) 
OF = Single mode fiber 

= Attenuation = 0.2 dB/km 
OA-1 EDFA, Poa-1=10 dBm 
OA-2 EDFA, Poa2=25 dBm 

Free-space optical communications system 

OC-1 & OC-2 Collimation aperture diameter = 5 cm 
OR-1 & OR-2 Receiver aperture diameter = 20 cm 
OA-3 EDFA, Poa3=25 dBm 
OA-4 EDFA, Poa4=25 dBm 
OA-5 EDFA, Poas=25 dBm 
OPBF = Gaussian optical filter 


=" Center frequency is 193.1 THz 
" Bandwidth 50 GHz 
Rx = PIN photodiode 


" Responsivity = 1 A/W 


In the simulation, the attenuation for atmospheric turbulences is setup to be static with regards 
to Rytov formula as the index of structure. Since the optical propagation path length in atmospheric turbulence 
for OC-1 to OR-1 and OC-2 to OR-2 is relatively in the same conditions of weather, the index structure 
of atmosphere can be assumed uniform. Thus in the simulation the attenuation factor is set in 10 dB/km. 
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The variables in the simulation are set for Lorc, Lat-1 and Lat-2 where each of them represents the path 
length of optical propagation in optical fiber, atmospheric turbulences for OC-1 to OR-1l and OC-2 to 
OR-2, respectively. 


3. RESULTS AND DISCUSSION 

The results of simulation are shown in Figures 4 and 5, where the Lor is set to be constant at 75 km 
meanwhile Lat-1 and Lat-2 are set to be various with the total length of optical propagation in the atmospheric 
turbulences is L = Ly7_, + Lar_z. Those total length of optical propagation is ranging from 1 to 9.4 km. 


Lor is set to be constant, by considering that the moderate distance between cities of district with rural area in 
Indonesiais about 75 km. 





50 


< SNR > (dB) 
Ww +. 
SS 


N 
© 





1 2 3 4 5 6 7 8 9 10 


L( Km) 
Figure 4. The (SNR) performance of hybrid optical communication where the length span of optical fiber set 
to be constant at 75 km, while the optical propagation under atmospheric turbulence in AT-1 and AT-2 are 
set to be various 
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Figure 5. The (BER) performance of hybrid optical communication where the length span of optical fiber set 
to be constant at 75 km, while the optical propagation under atmospheric turbulence in AT-1 
and AT-2 are set to be various 


Meanwhile, from the measurement where OA-4 and OBPF are removed from the simulation 
setup or non-inline cascaded configuration of OA, for all L, the performance of systemis in worst quality. 
As an example, at L=8 km the value of (SNR) is -36.75 dB and (BER) is 1, means that the signal 
is dominated by noise in the Rx. Also, by implementing inline cascaded of OA where OBPF is removed before 
the optical signal goes to Rx, the performance of system also degrades in optimal where at L=8 km 
the value of SNR and (BER) are -11.78 dB and 1 as well. Hence, the novel technique that is implemented in 
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hybrid optical communication system gives improvement for the performance and the range distance 
of optical propagation that can be achieved also more longer as outlined in the below paragraph. 

Based on the results of simulation as shown in Figs. 4 and 5, it can be seen that the performance 
of OFC and FSO for Lor=75 km, qualty of SNR and BER values decrease as the total length of optical 
propagation in the atmospheric turbulences between OC-1 to OR-1 and OC-2 to OR-2 increases. 
The maximum quality values for SNR and BER are achieved at L=1.0 km, meanwhile the minimum 
of ones are achieved at L=9.4 km. It can be seen also that the configuration of OFC and FSO in 
the simulation, tend to robust at the range of L in 1.0 to 8 km, butafter that distance the performance degrades 
to worst quality. Thus, for L in 8&8 to 10 km is the critical points where ORN cannot forwarded 
the optical signal more longer in the atmospheric turbulence. The optical signal in OF is maintained in high 
intensity by OA-1 and OA-2, thus the quality is quite high as the source from Tx. But when the optical signal 
goes through atmospheric turbulence it will degrade optimally caused by atmospheric turbulence effects. 
For this reason, the output of optical propagation from OC-1 is kept high with the amplification from OA -2 to 
penetrate the atmospheric turbulence into OR-1. However, the optical propagation is optimally induced by 
atmospheric turbulence and maintained high gain of signal by the configuration of cascaded EDFA’s (OA -3 
and OA-4). This configuration of OC-1 to OR-1 and OC-2 and OR-2 acts as the forward ORN, thus in order 
the optical propagation capable to penetrate the second atmospheric turbulence stages, the output of optical 
signal from OA-3 and OA-4 is high intensity to reach OR-2. The output of optical signal from OR-2 then 
is amplified by OA-5 in order to keep high intensity as well. Nonetheless, even the optical signal is high 
intensity from OA-5, noise modulation is also major issue to be resolved with OBPF with the type filtering in 
Gaussian and the bandwidth of 50 GHz. Thus the optical signal after propagates in the atmospheric turbulences 
is mmimum from noise modulation. 

The comparison of signal spectrum characteristics from OFC and FSO are shown in Figures 6 and 7. 
In Figure 6(a), the signal spectrum as the result of optical propagation on OF only get attenuation process along 
75 km fiber span. Thus, the optical signal relatively modulates noise in minimum, as shown by profile 
of eyediagram. The pattern of eyediagram shows relatively signal transition little bit clearly rather. But this 
situation drastically changing when the optical signal propagates along the atmospheric turbulence as shown 
in Figure 7(a). The characteristics of optical signal spectrum on the FSO degrades optimally caused 
by turbulence effects along the propagation path length at L = 9.4 km. This condition is justified by 
the profile of eyediagram on Figure 7(b), that the noisy of signal as indicated by blue line, shows 
the transition of signal between “0” and “1” is not clear as the result of signal from OFC as can be seen 
in Figure 6(b). Thus the Q-factor in OFC is higher as indicated by red line in Fig. 6(b) than the value in 
Figure 7(b). It is clear evidence that the signal spectrum modulates noise in higher than signal at OFC system 
Thus, the performance of FSO also degrades as well. As comparison the performance of OFC is produced at 
(SN R)=47.78 dB and (BER)=1.7x10"'!3. Meanwhile the performance of FSO is produced at (SNR)=18.48 dB 
and (BER) =4.47x107. For this reason a scheme to enhance the performance for hybrid optical communications 
should be seriously taken into account. 
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Figure 6. The characteristics of signal spectrum and eyediagram of signal under OFC systemat Lor = 75 
km, (a) Optical signal spectrum at 1552.52 nm, (b) Eyediagram of signal from the receiver 
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Figure 7. The characteristics of signal spectrum and eyediagram of signal under FSO systemat L = 9.4 km, 
(a) Optical signal spectrum at 1552.52 nm, (b) Eyediagram of signal from the receiver 


To better understand the important for implementing OBPF in the output of OA-5 before 
the optical signal is directed into Rx, is shown by Figure 8. The eyediagram in Figure 8(a) is (SNR) 
and (BER) measurement at L=6 m. The values of (SNR) and (BER) for using OBPF are 38.46 dB 
and (BER)=1.37x10'’, respectively. Meanwhile for not using OBPF as shown in Figure 8(b), the values 
of (SNR) and (BER) are 37.23 dB and 2.17x10"13, respectively. Regarding some samples of eyediagram as 
shown in Figure 8(a) and (b), it can be inferred that the OBPF performs filtering to the result of optical signal 
amplification from OA-5 that has a possibility of high noise from modulation of atmospheric turbulence that 
goes to the amplification process in EDFA. In Figure 8(a), the transition of signal between “0” (low state) 
and “1” (high state) during time period of bit is very smooth and clear as well minimum from noise fluctuations 
as indicated by blue line. Meanwhile in Figure 8(b), the transition of signal between low state and high state 
somewhat has noisy characteristics as indicated by blue line as well. Thus, the value of SNR and BER is 
achieved higher through the implementation of OBPF as indicated by Q factor which 1s red line in Figure 8(a). 
Meanwhile, the value of SNR and BER is achieved lower for non-OBPF at Rx as indicated by Q factor which 
is red line in Figure 8(b). Another function of OBPF is also filtermg the wide bandwidth 
of optical signal that is produced by EDFA that has typical characteristics of 40 nm. Thus, OBPF produces 
the optical signal with mmimum of noise modulation as shown by the comparison of eyediagram 
in Figure 8(a) and 8(b). 


200 m 


100m 


Amplitude (a.u.) 
100 m 


Amplitude (a.u.) 





0.5 
Time (bit period) 


(a) 





Figure 8. The profile of eyediagram comparison from the output of OA-5 before the optical signal is 
received by Rx in the second node, (a) Using OBPF, (b) Not using OBPF 
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Regarding the results of simulation as shown in Figures 4—8, a scheme to enhance the performance 
of hybrid optical communication should consider the different characteristics for medium of optical 
propagation. OF is the perfect medium relatively for an optical signal to propagate along the length 
Span in tenth or hundred even thousand kilometers. The optical signal on OF relatively modulates noise in 
minimum since the optical phenomena inside does not behave random. Thus, OFC produces good performance 
remaining the optical signal is maintained high by the implementation of OA-1I as shown in Figure 3. 
Atmospheric turbulence as the optical propagation for FSO is quite different. Atmosphere modulates its 
turbulence effect on optical propagation that fluctuates in space and time or behaves random fashion. For this 
reason, in order to keep the performance as high as in OFC, in FSO, the implementation of optical amplifiers 
before the optical signal is transmitted out into atmospheric turbulence as well as after then propagates along 
is mandatory for hybrid optical communications. Nonetheless, even the implementation of optical amp lifiers 
can maintain high gain of signal along the propagation path length under atmospheric turbulence, the problem 
of noise modulation in the end of signal reception of Rx still does exist. Those, in the simulation, the 
implementation of OBPF that capable to suppress noise modulation is also mandatory for hybrid optical 
communication. The main function of imstalling OBPF in the end of signal reception is to suppress 
the bandwidth noise that accumulates in optical propagation after optical signal goes through along several 
kilometers in atmospheric turbulence. The overall signal output from inline cascaded configuration of optical 
amplifiers gather with OBPF produces high gain and minimum from noise modulation instead. 
Thus, by the scheme of implementing optical amplifiers and OBPF in Rx for hybrid optical communication 
can leverage the performance of overall systemover length span of optical propagation in each node of ORN. 

This limitation of the simulation of hybrid optical communication under Optisystem 7.0 
is the assumption of atmospheric turbulence level that is not set has variation with time. In the simulation 
turbulence level is set to be constant at 10 dB since in the range of 10 km, the strong turbulence level is under 
this value based on Rytov formula. In nature, turbulence level has variation with time even dynamic fluctuation. 
Thus, this condition is a challenge for future research to propose an approximation of performance 
measurements based on dynamic condition of the atmospheric turbulence. 


4. CONCLUSION 

The major motivation of this research is finding a novel technique to expand the link distance 
of optical network between optical fiber communication and free-space optical communications as well as to 
improve the performance. The hybrid of optical communication that is consist of optical fiber communication 
and free-space optical communications in the configuration of ORN has been successfully designed through 
the implementation of novel technique where inline cascaded optical amplifiers is used in the node of 
transmission and the result of optical signal amplification by single EDFA in optical receiver near Rx 
is filtered by optical band pass filter. The configuration of OFC and FSO with novel technique as outlined in 
previous section has significant result where total length of optical propagation in the atmospheric turbulence 
that can be achieved in the simulation is 1-8 km with the length of optical fiber is constant at 75 km. 
This significant result is proved by the performance in SNR and BER where range values are 46.23—26.61 dB 
and 6.7x10°!’-1.5x10°. The length of optical fiber represents the distance of PON WDM in Palapa Ring 
network that commonly exist in the district orcity. Thus to forwarding the internet in backbone to reach villages 
or rural area, FSO in the configuration of the ORN can be implemented to integrating the platform 
of all optical signals transmission through the Palapa Ring network. 
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